Background Whether or not the association between some antiretrovirals used in HIV infection and chronic kidney disease is cumulative is a controversial topic, especially in patients with initially normal renal function. In this study, we aimed to investigate the association between duration of exposure to antiretrovirals and the development of chronic kidney disease in people with initially normal renal function, as measured by estimated glomerular fi ltration rate (eGFR).
Introduction
Following the widespread introduction of combination antiretroviral therapy (ART) and the rapid decline in mortality associated with HIV infection, 1 the focus of patient care has shifted to chronic diseases such as cardiovascular, liver, and renal disease, for which a complex association exists between immuno defi ciency, chronic infl ammation, ageing, and the long-term toxicities of antiretrovirals. 2 The prevalence of chronic kidney disease in HIV-positive individuals treated with combination ART varies greatly, ranging from 2% to more than 30%, 3 depending on the prevalence of other risk factors, including both HIV-related factors and more traditional risk factors for chronic kidney disease (eg, hypertension or diabetes). 4, 5 Several studies have focused on the role of antiretrovirals, including the D:A:D study. 6 Tenofovir disoproxil fumarate has been widely shown to be associated with decreases in estimated glomerular fi ltration rate (eGFR) and progression to chronic kidney disease, 7 and some studies have suggested similar associations with ritonavir-boosted atazanavir or lopinavir, 6, 8 together with reports of crystalluria, urolithiasis, and interstitial nephritis. 9, 10 Additionally, several antiretrovirals, including dolutegravir, ritonavir, and rilpivirine, can reduce creatinine clearance (thereby decreasing eGFR) without changing the actual glomerular fi ltration rate. 11 Results from some large cohort studies have shown that some antiretrovirals have nephrotoxic eff ects in people with both a normal and impaired eGFR at start of follow-up. 6, 8, 12 Some clinical trials, mostly with short follow-up, have suggested that exposure to tenofovir disoproxil fumarate is associated with an initial decline in eGFR that does not continue with increasing exposure, 13, 14 whereas others have reported no initial decline in renal function. 15, 16 Despite the many studies of renal function in HIV, none so far has been adequately powered to formally assess the exact nature of the association between exposure to antiretrovirals and chronic kidney disease in people with an initially normal eGFR. Therefore, whether or not the so-called early-hit phenomenon remains true after extended exposure to antiretrovirals is unknown, especially in people with an initially normal renal function. Because treatment with combination ART can last for many years, to ascertain whether or not the risks of chronic kidney disease will be self-limiting is crucial, to help clinical decision making and monitoring of HIV-positive patients.
In this study, we aimed to investigate the association between duration of exposure to antiretrovirals and the development of chronic kidney disease in people with an initially normal eGFR.
Methods

Study design and participants
The Data Collection on Adverse events of Anti-HIV Drugs Study (D:A:D) is a prospective cohort collaboration established in 1999 with more than 49 000 HIV-1-positive people in Europe, the USA, and Australia; full details of the study have been published previously. 17 Data for routine clinical care, including demographic factors, ART, laboratory values, cardiovascular risk factors, and AIDS events, are collected electronically at enrolment and annually thereafter. Serum creatinine measurements have been collected systematically in participating cohorts as required for clinical care since January, 2004 .
Participants from the D:A:D study were eligible for this study if they were 16 years of age or older, had at least one eGFR measurement since Jan 1, 2004, and had a baseline eGFR greater than 90 mL/min per 1·73 m². Individuals were excluded if their baseline eGFR was less than 90 mL/min per 1·73 m², they had no CD4 cell count or
Research in context
Evidence before this study Some antiretrovirals that are used to treat HIV infection might be associated with an increased risk of chronic kidney disease or a decline in estimated glomerular fi ltration rate (eGFR). We did a review of the available literature on PubMed, in which we searched for clinical trials and observational (cohort) studies published from 2004 up to the search date (April 20, 2015) that reported changes in eGFR or chronic kidney disease and individual antiretroviral drugs. Our search terms were "gfr", "chronic kidney disease", "HIV", and "antiretrovirals", and we searched for articles published in English language only. Evidence from clinical trials, especially for tenofovir, suggests that any decreases in eGFR occur within the fi rst few months of treatment, with little further change after this point. Evidence from observational studies has suggested a cumulative eff ect of antiretrovirals, including ritonavir-boosted atazanavir or lopinavir, and tenofovir, on chronic kidney disease. Clinical trials in HIV-positive individuals tend to be short in duration and might exclude those at a raised risk of chronic kidney disease, and therefore do not follow participants for long enough to record the occurrence of chronic kidney disease, whereas observational studies have not focused on people with an initially normal eGFR higher than 90 mL/min per 1·73 m², or have not used a confi rmed eGFR lower than 60 mL/min per 1·73 m² to defi ne chronic kidney disease.
Added value of this study 23 905 study participants with fi rst eGFR higher than 90 mL/min per 1·73 m² were included, of who 285 developed chronic kidney disease. After adjustment for potential confounding variables (both HIV-associated and traditional risk factors for chronic kidney disease), we recorded a 14%, 20%, and 11% increase in chronic kidney disease associated with each additional year of exposure to tenofovir disoproxil fumarate, ritonavir-boosted atazanavir, and ritonavir-boosted lopinavir, respectively, but no increased incidence of chronic kidney disease associated with either abacavir or other ritonavir-boosted protease inhibitors.
Implications of all the available evidence
Our fi ndings suggest that the annual incidence of chronic kidney disease was increasing for up to 6 years of follow-up after starting tenofovir disoproxil fumarate, ritonavir-boosted atazanavir, or ritonavir-boosted lopinavir treatment in HIV-positive individuals with an initially normal eGFR. Although the absolute number of chronic kidney disease events was modest, the incidence of the disease continued to increase with up to 5 or more years of exposure to the antiretrovirals; after 5 years, it was equivalent to an increased incidence of chronic kidney disease of 1·94-fold for tenofovir, 2·44-fold for ritonavir-boosted atazanavir, and 1·66-fold ritonavir-boosted lopinavir. The continued increase in risk of chronic kidney disease that we recorded with exposure suggests a cumulative toxic eff ect of these drugs. The benefi ts of potentially nephrotoxic antiretrovirals, even in individuals with an initially normal renal function, should be weighed against the risks in those patients at highest risk of chronic kidney disease. viral load measured within 6 months of baseline (closest before or, if not available, closest after), or less than 3 months follow-up after baseline.
All participating cohorts followed local national guidelines or regulations regarding patients' consent and ethics review. In particular, of the countries represented by the participating cohorts (in this study and in D:A:D overall), only Switzerland and Australia require specifi c ethics approval for D:A:D in addition to that required for their national cohorts (Swiss HIV Cohort Study and AHOD). Belgium, France, and Italy, do not require specifi c ethics approval over and above that needed for their individual cohorts (Nice/Aquitaine, Brussels St Pierre, and IcoNA, respectively), and the Netherlands do not require any specifi c ethics approval because data are provided as part of HIV care (ATHENA). For the EuroSIDA study (that includes the data from the BASS and Swedish cohorts), which encompasses participants from many European countries, each participating site has a contractual obligation to ensure that data collection and sharing is done in accordance with national legislation; each site's principal investigator either maintains appropriate documentation from an ethics committee (if required by law) or has a documented written statement to say that this is not needed.
Procedures
For this study, baseline was defi ned as the fi rst eGFR measured during prospective follow-up after Jan 1, 2004; eGFRs were calculated by creatinine clearance by use of the Cockcroft-Gault formula and standardised for body surface area, with bodyweight measured within 1 year of serum creatinine. When more than one eGFR measurement was done within a 28-day period, the median of all measurements taken during that period was used and assigned to the median date. Combination ART was defi ned as three or more antiretrovirals from any drug class. Chronic kidney disease was defi ned as confi rmed (>3 months apart) eGFR lower than 60 mL/min per 1·73 m². Follow-up for each individual was calculated until the occurrence of chronic kidney disease, last visit plus 6 months, last eGFR date plus 6 months, or Feb 1, 2014 (whichever occurred fi rst), to allow for reporting delays. Exposure to tenofovir disoproxil fumarate, ritonavir-boosted lopinavir, ritonavir-boosted atazanavir, other ritonavir-boosted protease inhibitors (ie, all other ritonavir-boosted protease inhibitors except for lopinavir and atazanavir), and abacavir was investigated as cumulative exposure, as previously described and including exposure before baseline, 17 and additionally as never exposed, exposed but off antiretroviral (including time since stopping), and currently exposed.
Statistical analysis
We used Poisson regression to model incidence rates of chronic kidney disease according to cumulative antiretroviral exposure, after adjustment for confounding We assumed a linear association between antiretroviral exposure and chronic kidney disease based on the crude incidence rates; this association can be modelled in diff erent ways, including quadratic terms or categorical variables, but the continuous model provided the best statistical fi t and could be interpreted easily. We included variables in multivariate analyses based on those routinely recorded in D:A:D and often adjusted for in D:A:D or in renal disease, and included all potential confounders, rather than those that were signifi cant in univariate analyses. All variables were included as categorical in the fi rst instance and then were included as the best fi tting continuous variable (eg, age was included as a linear variable and CD4 cell count was included on a log 2 scale) when the categorical variables suggested the presence of a linear trend. We assessed goodness of fi t by comparing the Akaike information criterion between diff erent models and by adding and removing confounding variables to assess how their inclusion or exclusion changed the fi t of the model and the variables remaining in the model.
We repeated the analyses with chronic renal impairment as an alternative endpoint to represent renal impairment and the point at which people with decreasing eGFR could be switched away from potentially nephrotoxic antiretrovirals. 6 Chronic renal impairment was defi ned as confi rmed (>3 months apart) eGFR lower than 70 mL/min per 1·73 m². The association between ritonavir-boosted atazanavir and chronic kidney disease could be confounded by the use of tenofovir disoproxil fumarate because these antiretrovirals are often used together. The analysis was therefore repeated in individuals not exposed to tenofovir (ie, right censoring follow-up at start of treatment with this drug). An additional sensitivity analysis assessed the cumulative eff ect of antiretrovirals after excluding person-years of follow-up and events occurring in people not exposed to the antiretroviral of interest. This analysis was extended by also excluding person-years and follow-up in people currently off the antiretroviral in question, similar to an on-treatment type analysis. SAS version 9.3 was used for all analyses.
Role of the funding source
The funders of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had fi nal responsibility for the decision to submit for publication.
Results
Between 1792 individuals were excluded because they did not have two additional eGFR measurements more than 3 months apart during follow-up, and 236 were excluded because of missing viral load or CD4 cell counts. These 2028 patients had a later baseline date, a higher eGFR, were older, had a lower baseline CD4 cell count, were less likely to be of white ethnic origin, and were more likely to have hepatitis C co-infection than were those who were included in these analyses. 9003 (38%) participants had their follow-up censored at fi nal visit plus 6 months, 5607 (24%) at last eGFR measurement plus 6 months, and 9010 (38%) 5844 (25%) individuals had ever started tenofovir disoproxil fumarate at or before baseline, and 87% of these were taking this drug at baseline (fi gure 1A), with a median exposure of 0·8 years (IQR 0·3-1·6; fi gure 1B). Of the 761 (13%) of 5844 individuals who had stopped tenofovir before baseline, the median time since stopping was 0·7 years (0·3-1·5; fi gure 1B). Although a notable proportion of patients had ever used indinavir and other ritonavir-boosted protease inhibitors, current use of either of these regimens was low at baseline (fi gure 1A). Furthermore, time since stopping other ritonavir-boosted protease inhibitors or indinavir was substantially longer than that for the other antiretrovirals (fi gure 1B).
For tenofovir disoproxil fumarate, ritonavir-boosted atazanavir, and ritonavir-boosted lopinavir, we recorded a clear trend of increasing incidence of chronic kidney disease and chronic renal impairment as exposure to these antiretrovirals increased (fi gure 2). Insuffi cient data were available to consider atazanavir without ritonavir boosting.
For example, in patients never exposed to tenofovir, the incidence of chronic kidney disease was 0·84 per 1000 person-years of follow-up (95% CI 0·62-1·06), increasing steadily to 4·84 per 1000 person-years of follow-up (3·66-6·03) in individuals with more than 6 years of exposure to this drug. The rise in chronic kidney disease as exposure to other ritonavir-boosted protease inhibitors and abacavir increased was less clear. After adjustment, increasing exposure to tenofovir, ritonavirboosted atazanavir, and ritonavir-boosted lopinavir was associated with an increased incidence of chronic kidney disease (fi gure 3). For example, in univariate analyses, each additional year of exposure to tenofovir disoproxil fumarate was associated with a 23% increased incidence of chronic kidney disease (table 2) and after adjustment (multivariate analyses), each additional year exposure to this drug was associated with a 14% increased incidence of chronic kidney disease (table 2) . Cumulative exposure to other ritonavir-boosted protease inhibitors and abacavir was not associated with an increased incidence of chronic kidney disease after adjustment.
The increased incidence of chronic kidney disease per year of exposure to specifi c antiretrovirals (fi gure 3  and table 2 ; model A, chronic kidney disease) were all quite modest in size, but antiretroviral treatment extends for many years. After 5 years of exposure to tenofovir disoproxil fumarate, there was almost a two-fold increased incidence of chronic kidney disease, with similar increases after 5 years of exposure to ritonavir-boosted atazanavir or lopinavir (see model A in table 2). 57 chronic kidney disease events occurred in 67 971 person-years of follow-up after the exclusion of follow-up and events occurring after starting tenofovir disoproxil fumarate (model B, chronic kidney disease). This model assesses the relation between ritonavirboosted atazanavir or lopinavir and chronic kidney disease in patients never exposed to or before starting tenofovir. The association between ritonavir-boosted atazanavir or ritonavir-boosted lopinavir and chronic kidney disease was similar to that in the main analysis (table 2), although with wider confi dence intervals, indicating that there were signifi cantly fewer events and person-years of follow-up, especially for ritonavir-boosted atazanavir. Additionally, we recorded a signifi cant association between tenofovir and chronic kidney disease 
Chronic renal impairment †
Model A: including all follow-up and events
IRR=incidence rate ratio. NS=not signifi cant and therefore not presented. Multivariate models were adjusted for baseline date, sex, race, HIV exposure group, D:A:D enrolment cohort, D:A:D participating cohort, previous cardiovascular disease, age, CD4 nadir, eGFR at baseline, hepatitis B/C serostatus, new AIDS diagnosis within the previous 12 months, smoking status, body-mass index, family history of cardiovascular disease, CD4 cell count, viral load, anaemia, diabetes, hypertension, and combination antiretroviral therapy (on/off ) as time-updated variables. Models were also adjusted for cumulative exposure to indinavir. A separate category was included for missing data when data were missing. Each multivariate model is also adjusted for cumulative exposure to all other potentially nephrotoxic antiretrovirals that are the not the focus of the model (eg, for tenofovir, the model is also adjusted for exposure to atazanavir, ritonavir-boosted atazanavir, ritonavir-boosted lopinavir, other ritonavir-boosted protease inhibitor regimens not already adjusted for, and abacavir). Model A is the main analysis, including all events and person-years of follow-up in all eligible patients. Model B is the same as model A but right censors individuals when they start tenofovir treatment. Model C considers the cumulative eff ect of antiretrovirals excluding people who had never started the antiretroviral of interest; a separate model is run for each antiretroviral (eg, for tenofovir, individuals are left censored at the point of starting tenofovir; person-years of follow-up and events occurring before starting tenofovir are excluded). Model D extends model C and considers the cumulative eff ect of antiretrovirals, excluding individuals who had never started the antiretroviral of interest and only includes patients who are currently taking the drug; a separate model is run for each antiretroviral. For example, for tenofovir, individuals are left censored at the point of starting tenofovir and right censored when they stop tenofovir; person-years of follow-up and events occurring before starting tenofovir are excluded, as are person-years of follow-up and events occurring while off tenofovir. *Chronic kidney disease defi ned as confi rmed (>3 months apart) estimated glomerular fi ltration rate (eGFR) <60 mL/min per 1·73 m². †Chronic renal impairment defi ned as confi rmed (>3 months apart) eGFR <70 mL/min per 1·73 m². Table 2 : Incidence rates of chronic kidney disease and chronic renal impairment associated with increasing exposure to antiretrovirals in people never exposed to ritonavir-boosted atazanavir, lopinavir, or other protease inhibitors, including 55 events and 72 468 person-years of follow-up (adjusted incidence risk ratio 1·28 per year of exposure [95% CI 1·17-1·39]). Participants who were not exposed to the antiretroviral of interest had substantially lower event rates than those who were exposed (fi gure 2), which could suggest a diff erent underlying risk for chronic kidney disease in those who never started each antiretroviral compared with those who started. Exclusion of the events and person-years of follow-up in those never exposed to each of the antiretrovirals in turn (model C, chronic kidney disease, table 2) showed a weaker association between each antiretroviral and chronic kidney disease, but increasing exposure remained statistically signifi cant (model C, chronic kidney disease; table 2). The fi nal model for chronic kidney disease assesses the increased incidence of chronic kidney disease for those currently on the antiretroviral of interest, similar to an on-treatment analysis (model D, chronic kidney disease). The results from this analysis were consistent with the main analysis for tenofovir, but in this analysis, additional exposure to ritonavir-boosted atazanavir (adjusted incidence risk ratio per year of exposure 1·05, 95% CI 0·92-1·19) or ritonavir-boosted lopinavir (1·09, 0·98-1·21) was not associated with a signifi cantly increased incidence of chronic kidney disease.
We repeated our analyses using chronic renal impairment as an endpoint (table 2) . 923 people developed chronic renal impairment during 159 881 person-years of follow-up, to give an incidence of chronic renal impairment of 5·77 per 1000 person-years of follow-up (95% CI 5·40-6·15). Increasing exposure to tenofovir disoproxil fumarate, ritonavir-boosted atazanavir, and ritonavir-boosted lopinavir were all associated with an increased incidence of chronic renal impairment (table 2) . Cumulative exposure to other ritonavir-boosted protease inhibitors or abacavir was not associated with an increased incidence of chronic renal impairment.
Discussion
This large study of almost 24 000 HIV-positive individuals with an initially normal eGFR clearly shows, for the fi rst time, that the association between tenofovir disoproxil fumarate, ritonavir-boosted atazanavir, and ritonavir-boosted lopinavir and chronic kidney disease is cumulative in nature. This fi nding suggests that people starting treatment with these antiretrovirals have a small, but signifi cantly rising, incidence of chronic kidney disease with increasing exposure to these drugs. The incidence of chronic kidney disease continued to increase with up to 5 years or more of exposure; after 5 years, it was equivalent to an increased incidence of chronic kidney disease of 1·94-times for tenofovir, 2·44-times for ritonavir-boosted atazanavir, and 1·66-times for ritonavir-boosted lopinavir. The continued rise in risk of chronic kidney disease that we recorded with increased exposure suggests a cumulative toxic eff ect of these drugs.
The increased incidence of chronic kidney disease per year exposure to each of the antiretrovirals considered was consistent with previous data from EuroSIDA, 8 one of the cohorts that contributed data to this analysis. This previous work did not focus on individuals with an initially normal eGFR, and was only able to show the cumulative eff ect of 2 years of antiretroviral exposure. Furthermore, this study adds to the earlier publication from D:A:D 6 by focusing on chronic kidney disease alone, more than doubling the number of events, adding almost 3 years to median duration of follow-up, and considering the role of antiretrovirals in much greater detail (cumulative and current exposure). Treatment with combination ART can extend for many years, and, to our knowledge, ours is the fi rst well-powered study to show the risks of chronic kidney disease were not self-limiting and extended up to 5 years of antiretroviral exposure. The relation between tenofovir disoproxil fumarate and chronic kidney disease was similar in people who were never exposed to any ritonavirboosted protease inhibitor. Tenofovir disoproxil fumarate is widely recommended and used as fi rst-line antiretroviral treatment in both developed and developing countries, and both ritonavir-boosted atazanavir and lopinavir are suggested as a suitable alternative fi rst-line regimen for some individuals and are recommended as second-line therapy in developing countries. 18 The so-called early hit phenomenon of tenofovir is largely a result of short-term clinical trials that suggested an early reduction in serum creatinine, with few changes after the fi rst months of therapy. 13, [19] [20] [21] [22] Preliminary data suggest that the risk of renal injury is lower with the novel tenofovir prodrug tenofovir alafenamide than tenofovir disoproxil fumarate, 23 but longterm follow-up will be necessary to confi rm this.
Cumulative exposure to either ritonavir-boosted atazanavir or lopinavir was associated with an increased incidence of chronic kidney disease, independently of exposure to tenofovir disoproxil fumarate, and in patients not exposed to tenofovir. Tenofovir disoproxil fumarate has been associated with proximal renal tubular dysfunction related to mitochondrial toxicity 24 and both ritonavir-boosted lopinavir and atazanavir have been associated with interstitial nephritis, urolithiasis, and urinary stones, 9, 10 although the exact mechanism is unclear. Findings from other studies between ritonavir-boosted atazanavir, ritonavir-boosted lopinavir, and chronic kidney disease or other markers of renal function are contradictory 7, 12, 25 and confl icting evidence exists regarding whether or not the precipitation of protease inhibitor crystals leads to interstitial nephritis and a decrease in eGFR. 26 Recent studies have shown that many antiretroviral drugs, including ritonavir, reduce tubular creatinine secretion 11 and declines in eGFR associated with antiretroviral medications might not be caused by renal toxicity itself. However, if changes in eGFR were merely a result of reduced tubular secretion, one would expect a rapid decrease in eGFR after starting antiretroviral drugs without further changes in renal function. The association between chronic kidney disease and ritonavir-boosted atazanavir or liponavir was somewhat weaker and not statistically signifi cant when we restricted the analysis to those on treatment, in which, by defi nition, chronic kidney disease occurred only in those currently on ritonavir-boosted atazanavir or lopinavir, and chronic kidney disease events occurring after discontinuation of ritonavir-boosted atazanavir or liponavir as eGFR declined were excluded. This fi nding could suggest some selection bias by clinicians of those thought to be at lower risk of chronic kidney disease to remain on their antiretroviral drugs as eGFR declined.
We found no evidence that other ritonavir-boosted protease inhibitors were associated with an increased incidence of chronic kidney disease, suggesting no large eff ect of ritonavir boosting on chronic kidney disease when not used to boost atazanavir or co-formulated as ritonavir-boosted lopinavir. The other ritonavir-boosted protease inhibitor group mainly comprised older boosted combinations. The number of people taking ritonavirboosted tipranavir or darunavir either at baseline or during follow-up was low (<1000 person-years of follow-up and ten chronic kidney disease events for each of these antiretrovirals). Ritonavir-boosted darunavir was used more commonly during follow-up, with similar person-years of follow-up and chronic kidney disease events as atazanavir, but insuffi cient data were available to stratify the events according to duration of exposure. Further data are needed to explore the association between chronic kidney disease and newer or lesser used ritonavir-boosted protease inhibitor regimens such as tipranavir or darunavir, or other antiretroviral combinations such as elvitegravir boosted with cobicistat.
The increase in chronic kidney disease incidence per year of exposure to tenofovir disoproxil fumarate, ritonavir-boosted atazanavir, or ritonavir-boosted lopinavir was modest, and the risk-to-benefi t ratio of any antiretroviral regimen should be considered for all patients initiating treatment. The eff ect of the association between tenofovir disoproxil fumarate, ritonavir-boosted atazanavir, or ritonavir-boosted lopinavir was cumulative and after 5 years of exposure the incidence of chronic kidney disease increased by two-to-three-fold. Notably, the eff ect per year of additional tenofovir exposure was smaller than previously reported in other studies, 8, 12 and was similar across various sensitivity analyses. This diff erence in eff ect size between studies could be explained by diff erences in baseline eGFR, HIV-independent risk factors, greater awareness of renal toxicities associated with tenofovir disoproxil fumarate with active selection of low-risk patients for treatment with this drug, and increased switching as eGFR declines before the development of chronic kidney disease. Importantly, the chronic kidney disease events in this study represented large and clinically important changes in eGFR. All participants started with eGFR greater than 90 mL/min per 1·73 m²; those who developed chronic kidney disease lost a third or more of eGFR during follow-up and had a greater than 5 mL/min per 1·73 m² decline in eGFR, which is the threshold for rapid progression of chronic kidney disease. 27 Our study has several limitations. This is an observational study and unmeasured confounding cannot be ruled out and causality between antiretrovials and chronic kidney disease cannot be proven. Because of limitations in collection of data regarding race in some European cohorts, we were limited to using the CockcroftGault equation for creatinine clearance to estimate eGFR. Previous research has suggested that Cockcroft-Gault is similar to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula for predicting chronic kidney disease in cohort studies. 28 The D:A:D study has no information about proteinuria, and we were not able to adjust for this as a risk factor for chronic kidney disease; however, studies adjusting for proteinuria have shown similar fi ndings to ours. 12 We were also not able to adjust for concomitant medication, such as non-steroidal antiinfl ammatory drugs. Participants in D:A:D contributing data to this study were from Europe and Australia, and although availability and access to antiretrovirals and serum creatinine measurements in diff erent cohorts can be assumed to be similar after Jan 1, 2004 , diff erences between cohorts in management of patients will remain. We adjusted for cohort to account for some of these diff erences, but unmeasured confounding might remain. We used a single measurement to categorise individuals as having a normal eGFR at baseline, but our results were consistent if we used a confi rmed eGFR greater than 90 mL/min per 1·73 m² at baseline as an inclusion criterion, with signifi cantly less power. We have shown an increased incidence of chronic kidney disease over 6 years of exposure, but even longer follow-up is needed to establish whether or not that increase will plateau with longer exposure to the antiretroviral drugs.
To conclude, the incidence of chronic kidney disease in HIV-positive individuals increases continuously with duration of exposure to specifi c antiretrovirals, with no evidence that the development of chronic kidney disease was limited to the fi rst few months of starting antiretrovirals and no plateau in the increasing incidence after a median follow-up of more than 6 years. Our results were consistent across a range of sensitivity analyses and when we used chronic renal impairment as an alternative endpoint. Tenofovir disoproxil fumarate, ritonavirboosted atazanavir, and ritonavir-boosted lopinavir are among the most widely used antiretrovirals used to treat HIV worldwide. The D:A:D study has previously published a risk score for chronic kidney disease, which is available online. 29 This online tool enables individuals to ascertain the risk of chronic kidney disease, and the risks and benefi ts of potentially nephrotoxic antiretrovirals should be weighed against the long-term risk of chronic kidney disease with extended exposure to antiretrovirals. 
